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Issues for Watershed Management in Florida

Introduction programs that are coordinated among F¢
eral, State, and local agencies in addre
ing the key issues related to monitori

In most watersheds (river basins) in - ~
. . : ater resources. The ITFM previously Th . o ;
. , . : e Suwannee River basin in Floric
Florida the interactions between groun und that information gaps existed in

water and surface water typically result i1 and Federal monitoring progranfOmPrises an area of 4,2302n(i‘ig..2).
Zgge basin is characterized by karstic we

Monitoring Programs
in the Basin

a single dynamic flow system. This direct,q recommended that these gaps

hydraulic linkage results from numerougddressed by developing an integrated _
karst features (such as sinkholes, condyipluntary, nationwide strategy for waterPer of tributary streams, and an abundar

nd and lowland topography, a small nur -

systems in the underlying limestone, anduality monitoring. The ITFM recom-0f discharge as springs from the UFA. Hi -

springs) that facilitate the exchange ofmended the watershed approach astagically, ground-water and surface-waitt
water between the surface and subsurfabaghly effective way to manage watesystems in the Suwannee River basin h¢
(fig. 1).  Unique problems can been monitored as separate me:
arise in protecting water quality under specific programs, with th

DIRECTION OF

in karst areas because of thg = GROUND-WATER exception of a small number c
direct and rapid transport of local studies. During the past 3
recharge through conduits to the years, a considerable amount

subsurface gnd through resur{___ sivkHoLE SINKHOLE crounowarer|  Nydrologic data (such as rive

gence by springs. In some areag, SR SNES DISCHARGE To | stage and ground-water level) wi ;
g AND CLAYS A SPRING/RIVER g

recharge from unknown drainage collected as part of extensive su -

pathways to areas of dischargs face-water and ground-water ne
may contribute to chemical and| " ik 1 1 T\ works.
biological contamination of water [~~~ ‘ ‘!-‘ [ [ | T ‘ | \ | \ | The Suwannee River Wate
iupplles. Such contamination in| | ] 11 i ‘U‘PP‘ER‘ F‘U‘DR!D‘AN‘ Abqu;ER, Managemept Di.strict (SRWMD;
arst areas has been documente T T T T T T ] in cooperation with the FDEP an
by many studies. CONDU/TSYsTE‘M‘ | \ ‘ \ ‘ \ ‘ \ o \ ‘ \ ‘ \ U.S. Geological Survey (USGS
Legislation enacted in 1993 === a—————————————— maintains extensive monitorin
mandated the Florida DepartFigure 1. Generalized cross section in the Suwannee River networks for surface water an
ment of Environmental Protectior’ﬁasm showing karst features that facilitate the exchange of water ground water in the Suwanne
(FDEP) to develop and imple- etween the surface and subsurface. River basin. As part of a surface

ment measures to protect the functions of  resources because this approach integrateger network, water levels are being me
the State’s ecosystems. Watershed maground-water and surface-water systenrgured regularly at 17 lakes, river stage a
agement is one of the main components of  The Suwannee River basin pilofischarge are monitored at 18 sites, &
a program designed to protect and managg gy is attempting to provide answers gpily rainfall is recorded at 34 station
Florida’s ecosystems. The FDEP ha rface-water quality samples are colleci

s g L Sritical watershed-management questior?sl'| . )
identified several key objectives to effec- ch as: (1) Can boundaries be delinea nthly or bimonthly at 52 sites by th

tively address watershed manageme t .
issues: (1) more coordinated managemel@ ground-water and surface-water basifis, ;. ement ‘and Management Progra
of ground- and surface-water resource@nd do these boundaries change depegdirently, ground-water levels are beir
(2) more effective partnerships with localing upon hydrologic conditions? (2) Whateasured at 328 sites in the basin, wh
regional, State, and Federal governmefipes existing information tell about thehcludes monthly measurements at 43 we
agencies, (3) coordination of ground- antdydrochemical interaction  betweemnd continuous measurements (usi
surface-water monitoring efforts to assesground water and surface water in theater-level recorders) at 32 wells. ~ Sin
the quality and quantity of the watehasin? (3) Can natural processes providd @87, extensive information on grount
resources and delineate the boundaries @inediation of elevated concentrations wfater quality is being collected as part
three-dimensional watersheds, and (4) th@rate in the Upper Floridan aquifethe Florida Ground Water Quality Monitor

development and maintenance of compr@:rJFA) during high or low flow conditionsiNg Program (FGWQMNP), which con

hensive statewide data bases for wat oo ins 107 wells designed to monitc
resource information and monitoring net‘:’md or mixing of surface and groun ackground water quality of the princip:

g water? and (4 n a framework v ) .
works oriented toward targeted water/ater? @ e &) CEM & IEMETEIR (98 £ aquifers. Water from these wells is sal

sheds. oped in this study for evaluating the inter=
The Suwannee River basin in Florid@ctions between ground water and surfaggys ace elements, and selected orge

o QT

WMD as part of the Surface Wat -

raQ on oo o
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led every three years for major ions, nut -

is one of several watersheds in the U.gater and for delineating watershegynnounds (Maddox and others, 199; .

that was chosen for a pilot study by thBoundaries that can be exirapolated [so as part of the FGWQMNP, the effec
Intergovernmental Task Force on Moniother watersheds within Florida an@f various land-use practices on groun
toring Water Quality (ITFM) to evaluatenationwide that have similar hydrogeowater quality are being investigated at

the effectiveness of current monitoringogic conditions? mixed urban-industrial site and at an ag -
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Figure 2. Location of monitoring sites and subbasins in Suwannee River watershed, Florida.

cultura areain the Suwannee River basin.
As part of the National Water Quality
Assessment  Program  (NAWQA), the
USGS has sampled water from six wells
in its regional background network for the
surficid aquifer system. Seven sites on
the Suwannee River in Florida and one
site on the Santa Fe River are being sam-
pled by NAWQA for bed materid, water
quality, and biological Species.

Comparison of ground-

water and surface-water
basin boundaries

The accurate delineation of karst
drainage basins represents a considerable
challenge because of complex patterns of
surface-water and ground-water flow. In
studies of karst areas in other parts of the
world it was determined that surface water
basins typicaly do not coincide with cor-
responding ground-water basins.  For
example, streams that sink within one sur-
face drainage basin can reappear in a dif-
ferent basin. Ground-water divides are
controlled by aquifer properties as well as
by topographic conditions.

Two-dimensional boundaries for sur-
face-water and ground-water subbasins in
the Suwannee River basin were compared
for two different hydrologic conditions:
low-flow conditions during December
1990 to January 1991 and high-flow
conditions during April to May 1984. Pat-
terns of ground-water flow were derived

from potentiometric-surface maps of the
UFA constructed for low flow and high
flow conditions. These patterns were
superimposed on surface water drainage
areas for the maor subbasins in the
Suwannee River basin. Generaly, the
regional flow patterns indicate that bound-
aries for ground-water basins do not coin-
cide with surfacewater drainage
subbasins except in some parts of the
lower Suwannee River basin and the Santa
FeRiver subbasin. There are severa areas
in the basin where ground water that origi-
nates outside of the Suwannee River basin
crosses surface-water basin boundaries
during both low flow and high flow condi-
tions. However, the measured ground-
water levels were part of a network whose
objective is to delineate the regional
potentiometric surface of the UFA. The
wdllsin this network are open to different
depths in the aquifer and probably inter-
cept more localized ground-water flow
systems.  Therefore, the wells in the
present network (approximately 250 wells
in the basin) are not adequately distributed
to accurately define two-dimensional
ground-water basin boundaries in most
areas of the Suwannee River basin.

To more accurately define drainage
areas, the connection between discharge
areas (such as springs) for the UFA and
surface water must be determined for dif-
ferent flow conditions using tracer tech-
niques involving dyes and naturaly
occuring isotopes and, in some cases,
human exploration (cave diving). In one

such study in the Santa Fe River basin, the
degree of interconnection among springs
that discharge from Ginnie Springs Park to
the Santa Fe River was investigated using
rhodamine dye tracing experiments.
Based on the dispersion of dye to more
than one spring, Wilson and Skiles (1988)
concluded that there is an extensive net-
work of three-dimensional braided con-
duits in the aquifer system and unique
ground-water drainage divides do not exist
within a few hundred meters of the spring
discharge points.

Interactions Between
Ground Water and Surface

Water in the Basin

In some cases, the linkage between
ground water and surface water can be
obvious, as when water levelsin the UFA
respond directly to changes in stage of a
nearby river. One such example isamon-
itoring well located near the Alapaha
River (fig. 3). Thereisa high correlation
between stage of the river and water levels
in the aquifer. As the stage increases in
the Alapaha River, ground water sampled
at the Alapaha Tower well sometimes rep-
resents a mixture of river water and
ground water. However, additional
geochemical evidence is needed to deter-
mine the extent of mixing of river water
with water from the UFA.

In other cases, the interaction
between ground water and surface water
can be subtle and tracers have been used to
establish the relation. For example, sev-
erd loca studies have effectively used
naturally occurrmg radlonuchdes such as
uranium (*38U and 23*U), radium (°*°Ra),
and radon (%??Rn), to trace the amount of
ground water influx to rivers and amount
of streamflow losses to ground water.
These studies rely on the fact that the
mobility of U, Ra, and Rn is controlled by
different geochemical and physical pro-
cesses that lead to their separation or frac-
tionation in ground-water and surface-
water systems. For example, 2?Rn is a
gas and, hence, its concentration in ground
water is about 1,000 times that in surface
water. Based on measurements of 2°Rn
in ground water and in a 2-kilometer reach
of the Santa Fe River, a tributary to the
Suwannee River, Kincaid (1994) reported
that astheriver dischargeincreased, corre-
sponding increases were observed for
ground-water discharge to  springs,
streamflow losses to ground water, and
input to springs from resurgent stream-
flow. One particularly noteworthy find-
ing was that even though the regiond



potentiometric-surface mep of the wp———7-—- ——""—"—"""—"—""—""— tural land use, such as dairy and
UFA indicates that the Santa Fe ALAPAHA RIVER STAGE poultry farms, cropland, and silvacul-
River is a gaining stream, stream- ture. In 1990, 1991, and 1994, 18
flow is actualy being lost to the wells tapping the UFA and 7 springs
UFA in many places along the river. that discharge into the Suwannee
Siphons that are visible at the sur- River were sampled for major dis-
face aso provide direct evidence of solved inorganic constituents, trace

80

stream water being diverted to the 6o 1 elements, nutrients, and volatile and
subsurface. As much as 55 percent nonvolatile organic compounds as
of spring discharge at the Devil § 4« part of the FGWQMNP. In the study

Ear basin was supplied by resurgs
surface water that originated in tl

area, ground-water flow patterns
remained relatively unchanged dur-

ALTITUDE, IN FEET ABOVE SEA LEVEL

WATER LEVEL IN ALAPAHA FIRE TOWER WELL
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w:tgyﬁ'gﬁnglg?ﬂ:tz Fe River and r 1989 1990 1991 1992 1993 1004 INg 1990, 1991, and 1994, even
. though large fluctuations in ground-
Crane (1986) used differenci Figure 3. Comparison of Alapaha River stage and water Wategr Ieve%s were observedg For

in the 234U/38y activity ratio level in Alapaha Fire Tower well. example, measured ground-water

(UAR) and uranium (U) concentrations inof magnitude higher than in surfacgevels in 1991 increased by as much as 20
ground water and surface water to detewaters. Several of the first-order magnifeet at some wells following three months
mine the source and amount of reChargﬂde Springs have relatiVEly hlg%GRa of above normal rainfa”, Compared to
for different parts of the aquifer andconcentrations (0.155 to 0.917 disintegrayater levels in 1990.

ground-water contributions to the Suwantions per minute per liter) and the concen-
nee River. Most sampled sites producemiation of 2%Ra in these springs
waters with low activity ratios and high Uprogressively increased in a downstrea
concentrations, which are typically associdirection. This trend was attributed to th
ated with areas of the UFA that are uncorincreasing contribution of water from
fined and where recent and intensdeeper parts of the UFA that supply sprin : . 3
dissolution of aquifer minerals is occur-water to the lower reaches of the river. ?vr;t% ?rirggf)sl‘s? f(: Lmrfﬁi carég\enitrr]at;girll"s_ n

ring, such as in places where material over-  An ongoing study that began in 199@

Nitrate concentrations in ground

water had large fluctuations from one sam-
ing period to the next and were associ-
ted with fluctuations in water levels in the

UFA. For instance, the median and range

g g 9 X rams per liter as nitrogen, were: April-
lying the UFA has been breached bys investigating the connection betwee ay 19%0 152 (<0.02_%7). March 19pgl

sinkholes. For example, three water sanfhe Suwannee River and the unconfine .

ples (the Little River springs and wellsUFA along a 75-kilometer reach from(<%002(_<2(;.§)5 953233t223a|fu%%veigc?:ﬁcezﬁ?
upgradlent) from the L|_ttle River basin (iNEllaville to Branford, as part of thetrati.ons of hitrate were m)(/easured in water
which material overlying the UFA hasNAWQA study, in collaboration with the ¢ o’ o ' L oo i 1091
undergone recent and fairly intense disSSRWMD and the University of Florida. compareg e probgbly i

lution) had very low activity ratios (0.57) Based on existing data from ten wells

and high U concentrations (1.76 minOsampIed as part of the FGWQMNP durinfrom denitrification reactions. The process

grams per liter). Many springs had activity) 991 to 1994 for water levels and Waterg??f fentniaienfieivespiSiiansion -

ratios greater than 0.75, which Cranguaiity constituents, Hirten (1995) foundiOf Of nitrate by bacteria (present in the
attributed to a mixture of waters from areaghat water-level data indicate that theC! @nd aquifer) to nitrogen gases, result-
of high recharge with those from areas afirection of the hydraulic gradient is away 9 " gwelamaunis oiniregen JEasey
little or no recharge. The Suwannee Rivefom the river during high-flow condi- 2" Extensive analysis of chemical and
has UAR values and U concentrations thajons, in contrast to low flow conditions Ydrologic data, evidence for denitrifica-
are anomalous when compared to those @hen the direction of the hydraulic gradi-io" In Water from the UFA was indicated
other river systems of the world (Craneent is toward the river. The effect of elePY Increased concentrations of dissolved
1986). The anomalous values result floRated river stage on the potentiometriQrd@Nic carbon, a decrease in measured
mixing of some surface runoff (high UAR, surface may extend as much as 8 kilom&€dox potential, and an increase in pH and

low U concentration) with large amountsers away from the river. dissolved iron concentrations. Dilution of
of ground-water flow from springs and nitrate concentrations in ground water was
seeps (generally low UAR and high U con; unlikely because concentrations of chlo-
centrations). ride and other major ions did not show a

The input of water to the Suwannee corresponding decrease from 1990 to
River from large springs south of Bran- 1991. In fact, chloride concentrations
ford, Fla., was traced using®®Ra (Bur- increased in water samples from 75 per-

nett and others, 1990). They found that  High nitrogen loading from wastescent of the wells in which nitrate concen-
stream stations north of Branford, Fla.generated by poultry and dairy farms, antfations decreased from 1990 to 1991.
tended to have a lower mean concentréertilizers applied to cropland along theThus, the combination of higher ground-
tion of %%°Ra (0.189 disintegrations perSuwannee River in Lafayette and Suwarwater levels in 1991 with increased
minute per liter) compared to the meamee Counties has resulted in elevated nitradnounts of organic carbon and decreased
concentration for stations south of Branlevels in the river and in parts of the UFAamounts of dissolved oxygen in ground
ford (0.270 disintegrations per minute pe€Changes in water quality and flow patternwater created conditions favorable for the
liter). Even though?®®Ra has a strong in the UFA are being evaluated in a 73natural reduction of nitrate in ground
affinity for adsorption on aquifer minerals,square kilometer study area in Lafayettevater. As a result, less nitrate was dis-
the concentration ¢°Ra in ground water County, which is located near the Suwarcharged by ground water to the Suwannee
is generally several times to several orderseee River and consists mainly of agriculRiver.



The vast amount of
information that has been
gathered on ground-water and
surface-water systems in the
Suwannee River basin pro-
vides an extensive data base
from which water-resource
managers can begin to under-

always coincide with boundaries
for surface water basins; that is,
there is flow of ground water
across  surface-water basin
divides. However, to more pre-
cisely define ground-water basin
boundaries, additional wells are
needed to refine the map of the
potentiometric surface for the UFA
and obtain data to determine more
detailed flow patterns.

and document this preliminary available, in the foreseeable
finding. future, to conduct statewide delin-

« Insufficient information exists eation and mapping of zones of
at present to determine the lateralinteraction between ground water
extent of mixing of river water and surface water. One solution to
with water in the UFA during this problen would involve the
periods of high flow conditons.  establishment of watershed coali-

 The Suwannee River is both dions, involving the private sector
gaining and losing stream Stakeholders, that could be respon-
depending on the stage of thesible for generating the necessary
river. However, the existing spa-resources for proper watershed
tial distribution of wells in the assessments. Thewatershed coali-

stand the importance of the
hydraulic and hydrochemical
linkage between ground water
and surface water in the basin.
However, to address specific

e Complex ground-water flow UFA is not sufficient to delineate tions will benefit their communi-
patterns can be revealed onlyareas of ground water flow to theties by participitating in, not only
through consistent monitoring river and areas where the river identifying, the threats to water-
over time and during varying recharges the aquifer. sheds health and function, but also
hydrologic conditions. Sampling * A combination of naturally by being a part of the solution to

management issues, several ¢ o ng water and surface- 0Ccurring  tracers  (isotopes, existing problems.
gar?esre h;\/(fre b_ericr:)rr:]c;?r;']ﬂei water should be coordinated andggflr;'fr?tlro di(;r;zt'ts:z;?s' ( d?/r;g')'
W i I i . . ,
critically needed: performed  during  changing ;4" yetailed water-level data

o - hydrologic conditions, such as coylgd provide much needed infor-
* Itis difficult to use existing data e g s of high and low flow, mation on hydaulic interactions

to evaluate basin boundaries and L

the extent of interaction between * Reduction in nitrate concen- between ground water and sur-
trations in ground water by deni- face water, such as the amount of

ground water and surface water

T = recharge to the aquifer from sur-
because these data were collecte!"f1310N processes 1s I|I.<ely 0 face-water inflow, the amount of
by different agencies for programsoccur naturally during periods of

. . . resurgent surface water in spring
with different monitoring objec- Nigh flow conditions (high water ., + the river, and the amount

tives. Existing information indi- '€vels in the UFA and high stagesyf ground-water flow to the river
cates that ground-water basinin the river and its tributaries). during low and high stages.

divides, as delineated from poten-More detailed investigations, « |t is unlikely that adequate
tiometric-surface maps, do nothowever, are needed to confirmState and Federal funding will be
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Two studies are currently gathering detailed information on the hydro-
chemical interaction between ground water and surface water in the Little River
basin, a tributary basin to the Suwannee River. One study, which is part of the
NAWQA Program, isinvestigating the extent of the mixing zone between the Suwan-
nee River and ground water during various flow conditions. Another study, which is
a cooperative effort among the FDEP, the SRWMD, and the USGS, is investigating
the hydrochemical linkage between the UFA and the Little River where the river dis-
appears underground through a series of sinkholes. Results from these studies are
expected to provide important information on ground-water basin boundaries, the
hydrochemical effect of surface water migration into the aquifer during various
hydrologic conditions, and natural processes that could remediate contaminantsin the
aquifer and surface water.



